ABSTRACT: Our research was done on brown forest soil with long-term experiments and with a system of fertilizing which is in use for 40 years. Experiment variants with an increasing dose of nitrogen fertilizer were chosen for this research. Two experiments have been performed: experiment in pots supplied with ammonium nitrate labeled with a stable isotope 15 N (11.8%) and experiment in the field. The aim of the research was to establish which plant and soil parameters group (obtained in the controlled conditions and/or in the field) could be considered as reliable for evaluation of aerobic and anaerobic incubation and of the best time for estimation of potentially mineralized nitrogen in soil. According to the determined correlative dependence, it could be concluded that reliability of aerobic incubation should be estimated in October by plant and soil parameters from field, anaerobic incubation should be estimated in early spring (March) by plant and soil parameters, from controlled conditions (pots) and from field.
INTRODUCTION
All methods used today to determine the availability of soil nitrogen could be classified in three groups, namely: methods for determination of potentially mineralized nitrogen in soil, methods for determination of residual nitrogen, and the method of "A"-values (G o h and H a y n e s, 1986; D h a n k e and J o h n s o n, 1990; B u n d y and M e i s i n g e r, 1994; B r o w n, 1996, K r e s o v i ã, 1999, B o g d a n o v i ã et. al., 2005) .
Two groups of methods are used to estimate potential mineralized nitrogen in soil, namely: biological and chemical (biological and chemical indexes of nitrogen availability (G o h and H a y n e s, 1986; B r o w n, 1996).
Reliability of biological methods was established most often by using the plant parameters from controlled conditions when the parameters used were gained yield and adopted nitrogen (K e e n e y and B r e m n e r, 1996; O z u s and H a n w a y, 1966; G a s s e r and K a l e m b a s a, 1976; S t e v a n o v i c, 1978). Reliability of before mentioned methods was rarely determined by using the field parameters (R o b i n s o n, 1968; P o w e r, 1980; H u s s i a n et al., 1994) .
The purpose of these researches was to establish which of the used parameters of plants and soils (controlled conditions and/or field) could be considered reliable for estimation of aerobic and anaerobic incubation values. We also wanted to determine the most favorable time for estimation of potentially mineralized nitrogen (October, March, July).
MATERIAL AND METHODS
Researches were performed on a stationary experiment, on brown forest soil type.
The samples of soils were taken in October, March and July (0-30 cm depth) with experiment variance where the increasing doze of nitrogen fertilizer was applied. a) Methods for determination of soil chemical properties General chemical properties of investigated brown forest soil were determined in the soil samples taken in March, by using the following methods:
-Reaction of soil (pH-H 2 O and 1 MKCl) -Organic carbon and humus (T j u r i n, modification S i m a k o v a, 1957) -Total nitrogen (Semimikro Kjeldahl, B r e m n e r, 1996) -Available phosphorus and potassium (Al-method, E g n e r -R i e h e m, 1960).
b) Experiment in pots
Plastic pots containing 2 kg of soil were used to make the experiment in controlled conditions (greenhouse). The soil was taken three times in spring (in March) from the depth of 0-30 cm, from selected experiment variances in the field.
Before sowing, this soil was mixed with the following fertilizers: NH 4 NO 3 , KH 2 PO 4 and KCl. Used ammonium nitrate was marked with a stable isotope 15 N (11.8%).
Vegetation experiment was made with two variants, PK and NPK. For PK variance, 50 mg of P 2 O 5 and K 2 O per kg of soil was used. For NPK variance, 50 mg of N, P 2 O 5 and K 2 O per kg was used. The experiment was applied with oats plants, with 10 plants in each pot, grown to the stage of jointing.
c) Experiment in field
The variances chosen for the experiment in field were those with increasing nitrogen fertilizer dose, as follows: control (Ø), N 1 P 2 K 2 (N 1 -60, P 2 -120, K 2 -120 kg/ha); N 2 P 2 K 2 (N 2 -90 kg/ha); N 3 P 2 K 2 (N 3 -120 kg/ha); N 4 P 2 K 2 (N 4 -150 kg/ha). Each of mentioned experiment variances in the field was applied three times.
Wheat was raised in stationary experiment in these researches.
d) Methods for estimation of potentially mineralized nitrogen -aerobic and anaerobic incubation
Methods were applied to the soil samples taken from before mentioned experiment field variances in October, March and July.
Aerobic incubation was performed in accordance with proposed procedure (B r e m n e r, 1965), while the anaerobic incubation was made with the procedure of W a r i n g and B r e m n e r, 1964, modification by K e e n y (1982). e) Method of isotopic labeled nitrogen ( 15 N)
During the application of 15 N isotope, the determination of percentage content of nitrogen isotope was made ( 15 N/ 14 N) by using the analyses of mass spectrometer. Isotope analysis was determined in accordance to Bremner procedure (1965).
f) Analysis of plant material
Nitrogen content in plants (oats and wheat) was determined by distillation method (M u n s i n g e r and M c K i n n e y, 1982).
g) Method of statistical analysis
A simple linear correlation analysis was applied for parameters of plants and soils in controlled conditions and in field, i.e. the methods for estimation of potentially mineralized soil nitrogen in all three times of taking samples.
This statistical analysis enabled us to determinate the value of correlation coefficient (Pirson) referring to the similarity degree, i.e. dependences of this compared value.
Based on the values of correlation coefficients, the percentage of correlative dependences for r = 0.50-0.99 was calculated, with significance at the probability level of 0.05-0.01 and for r = 0.70, with significance at the probability level of 0.01.
This calculation was made in order to use these data for the purpose of defining which group of applied parameters of plants and soils (pots and/or field) could be considered as the most appropriate for estimation on reliability of applied methods, as well as to establish the most reliable time to make those estimations (October, March or July).
RESULTS AND DISCUSSION
Chemical properties of investigated brown forest soil are shown in Table 1 To establish which parameters of plants and soil might be considered reliable to evaluate the applied methods being one of the goals of these calculations, we have established the plant and soil parameters in the pots (controlled conditions) and in the field. Their values are shown in Tables 2, 3 Taking into consideration the fact of most commonly used parameters and recommendations by S a p o s n i k o v (1973), evaluated parameters for applied methods were divided in two groups: parameters from plants and parameters from field that are further grouped in plant and soil parameters (Table 6) .
Quantities of mineralized nitrogen by aerobic and anaerobic procedure are shown in Table 5 In March, the established correlation coefficients between the quantities of mineralized nitrogen obtained by aerobic procedure and the plant and soil parameters from the experiment in pots were nearer to low than to average values. As for parameters of experiments in field, statistically significant correlation dependences were not found.
In July, there was no statistically significant correlation dependence for plant and soil parameters in pots while for parameters in field, the dependence was low.
In October, for plant and soil parameters from the pots, the statistically significant correlation dependence was not found for half of observed values, while for the remaining parameters it was high, with a high degree of statistical dependence.
Based on established values of correlation coefficients, a percentage of correlation dependences for given criteria was calculated (Table 7) . From obtained percentages of correlation dependences, it might be noted that the highest percentage was established in October. Thus, we can recommend applying the evaluation of potential mineralized nitrogen referring to the reliability of aerobic method in autumn (October), before the wheat seeding.
Based on established percentages of correlation dependences in October, it is obvious that the highest percentages were established for parameters from fields in both criteria. This percentage for the parameters from the pots, in both cases, was lower (55.5 band 33%). Thus, one can conclude that the evaluation of aerobic incubation value should be made by using the parameters from the field, being in conformity with the results of R o b i n s o n (1968). This is important having in mind that parameters from the field can be established by a much simpler way while it is more difficult to establish the parameters from the pots since it requires more work and use of expensive procedures (use of marked 15 N). In anaerobic incubation, the same statistic analysis used in aerobic incubation was applied. The values of established correlation coefficients are presented in Table 6 .
In March, the established correlation dependences between mineralized nitrogen obtained by anaerobic procedure and plant and soil parameters in pots were mostly high, with a high degree of statistical significance, except for total adopted nitrogen (NPK) (0.67**) and for percentage of nitrogen in oats plants, where it was very low. A high correlation dependence between mineralized nitrogen obtained by mentioned procedure and plant and soil parameters from the field. In one case, it was very high (r = 0.93**-%N -straw) with a high degree of statistical significance.
In July and October, no statistically significant correlation dependences between plant and soil parameters (pots and field) and mineralized nitrogen were found when anaerobic procedure was applied. Table 8 , it might be concluded that the highest percentages of correlation dependence for given criteria are found in March. Consequently, we can recommend making the evaluation of potential mineralized nitrogen by the anaerobic procedure in early spring (in March). In addition, from presented results in March, it is possible to note that the highest percentages of correlation dependences were established for parameters in the field for both given criteria. As for the parameters in pots, the percentages were lower. Taking into consideration the value of established percentages of correlation dependences, for a strict criterion (³ 0.70**), we recommend to make the evaluation of anaerobic incubation value by using the parameters either in field or in pots.
CONCLUSION
On the basis of presented results, it can be concluded as follows: -The evaluation of aerobic incubation reliability being a method for establishing potential mineralized nitrogen with conditions in brown forest soil should be performed in October.
-The evaluation of aerobic incubation should be made by using plant and soil parameters in the field.
-Evaluation of anaerobic incubation for given conditions should be performed in early spring (March).
-From used plant and soil parameters, to evaluate the value of anaerobic incubation, use equally the parameters from the field and from the pots.
